T he spotted seatrout Cynoscion nebulosus:
Sciaenidae (Cuvier) remains one of the prime fish of commercial and recreational importance in the Northeast Gulf of Mexico. During the 1940s and the 1950s, this seatrout was second only to the mullet in pounds of harvest at the Cedar Keys, Florida (Reid, 1954) . Although many factors contribute to a successful seatrout population, the presence of littoral submerged aquatic vegetation (SAV) is a major one (Moody, 1950; Reid, 1954; Joseph and Yerger, 1956; Klima and Tabb, 1959; Carr and Adams, 1973; Moffett, 1961; Tabb, 1961; McMichael and Peters, 1989) . Seagrass meadows provide natural spawning ground for adult seatrout, protection and living space for the young, and unpolluted, warm-water estuaries of the southeastern United States usually contain an abundance of benthic foods.
Juvenile seatrout feeding is highly influenced by major habitat differences, especially in the transitional ecotone between SAV and open water (Lorio and Schafer, 1966; Minella and Zimmerman, 1984; Ruiz et al., 1993) . Microscale habitat changes in seagrass meadows are known to greatly affect the composition and distribution of hyperbenthic organisms (Stoner, 1980a , 198Gb, 1983 Lewis, 1984; Schneider and Mann, 1991) , and, in extreme cases, changes undoubtedly affect seatrout feeding.
In coastal areas with limited SAVor denuded bottom substrates, seatrout depend on marginal emergent vegetation for feeding and nursery habitat (Peterson, 1986; Baltz et al., 1993; Ruiz et al., 1993) . The coastal shelf in the vicinity of the Cedar Keys, Florida, is extensive and the slope from shore is quite gradual. Luxuriant stands of three dominant species of shallow-water SAV are present. Thus, the spotted seatrout and other finfish populations at the Keys have benefited from a stable, productive habitat for life activities.
Adult spotted seatrout are present in the seagrass meadows at the Keys from late March to Oct., preferentially at depths of 1-2 fathoms. Spawning begins as early as April and lasts through Oct. (Moody, 1950; Reid, 1954) . Juveniles occupy the most shallow beds (Moody, 1950) and feed almost exclusively on shrimps and marine fish. They mostly eat small, freeliving crustaceans found in the "hyperbenthos," or those organisms that dwell above the bottom substrate and are closely associated with submerged objects in the water column (Mees and Hamerlynck, 1992; Mason et al., 1994) .
Our purposes were to determine the diet of early juvenile ( <100 mm TL) spotted seatrout at Seahorse Key, Florida, and to compare our results, if possible, with those of Moody (1950) and Reid (1954) . Thirdly, we wanted to determine the status (distribution, abundance, and composition) and health of the seatrout's food resources. flow. Seahorse Key is a crescent-shaped, outermost island that lies about 5 km offshore and about 10 km south of the mouth of the Suwannee River. The waters at Seahorse Key are usually clear, except after local storms, and are well mixed by the winds and tides.
Seahorse Key is part of the U.S. Fish and Wildlife Service's Cedar Keys National Wildlife Refuge. A brown pelican rookery is part of the wildlife management area, and part of the University of Florida's estuarine research is conducted from a renovated lighthouse.
The study site lies along the southwestern beach and is bounded to the north by a high embankment, to the northwest by stands of Spartina and Typha, and to the southeast by palmetto-scrub (island's primary vegetative cover). The narrow beach (25-30 m wide) is windswept and bare and gradually slopes onto the coastal shelf (Table 1) . A broad seagrass meadow, extending 1.5 km from shore, stabilizes the sand bottom substrate (average depth <1 m). Three habitat zones proceed from the shoreline: 25-50-m-wide bare sand (average depth 0.3 m); 25-50-m-wide shoal grass Halodule wrightii (average depth 0.5 m); and a 75-400-m-wide band of turtle grass Thalassia testudinum (average depth 0.8 m). The mixed stand of Thalassia and Syringodium filifonne, extending beyond 400 m from shore (>1m depth), was not included in our study.
Climatic conditions were normal during the study, except for a localized torrential storm during the week preceding the March 1993 collections. Prior to sampling, however, conditions returned to near normal.
Physicochemical methods.-The waters at the site were well mixed and little variation among the seagrass zones was encountered. Measurements of water temperature, salinity, pH, and dissolved oxygen (DO) were taken monthly in the Halodule zone (representative zone). Nightly conditions were recorded only during the March, May, Aug., and Sep. invertebrate collections.
Seatrout and food collections.-A quad-grid sampling design was selected for the study. It was formed by 32 transects, perpendicular to shore and 30 m apart, each bisecting the three habitat zones. Due to relatively uniform bottom substrate type (coarse sand) and contours, the quads within each major habitat zone were spatially and volumetrically about equal. Junctures at each habitat zone were delineated by PVC rods (2.54 em diameter) driven into the substrate. Floats, attached to the tips of rods, marked the junctures at high tide and facilitated their recognition during night sampling.
Attempts to collect spotted seatrout and other finfish (Zengel 1993) were made monthly (June 1992 to Oct. 1993 ) with a 15-m-wide pole seine (3-mm mesh nylon bag and 3-m-long wing panels of 6-mm mesh). Seining was conducted parallel to shore for 20 m. Fish catches were rough sorted in the field and later identified and enumerated in the laboratory.
Sampling for invertebrate foods of the seatrout was conducted from Sep. 1992 through Sep. 1993 at randomly selected points within each of the habitat zones: two quads each for the bare sand zone and Halodule zone, and four quads for the Thalassia zone (total = 8 samples/rna). To check on diel periodicities of the hyperbenthos, day sampling (0900-1300 h) and night sampling (2000-0100 h) were taken within the same 24-h period; March, May, July, and Sep. 1993 only.
Seatrout stomach content analysis.-to avoid possible contamination of stomach contents with other fish tissues, the entire belly of the fish (anus to opercle) was cut from the body and placed in a petri dish filled with 95% ethanol preservative. The alimentary canal was then removed intact and placed in a watch glass, and the stomach was dissected away from the canal. Mter the stomach was opened, materials were flushed from the lining and food items were identified and tallied.
Heads of partially digested foods were counted as whole organisms. Dry weights (103 C; 4 h) and ash-free dry weights (500 C; 1 h) of total food materials in the stomachs were recorded on electronic balance (nearest 0.01 mg). Biomass estimates for highly fragmented stomach contents (e.g., parts of amphipods and remains of shrimps) were based on average weights (2-4 replicate samples of six whole specimens each) of representative life-stage specimens of the species (W. T. Mason, 1989 Mason, -1993 .
Plankton analysis of stomach contents was performed by randomly withdrawing 1 0-ml subsamples of intestinal fluids (four reps/ stomach). Dense materials in the extracts were concentrated by centrifugation (140 X g; 3 min) and then the top 8 ml of supernatant was withdrawn by pipette and discarded. The remaining centrifugate was remixed and 1 ml was placed in a Sedgwick-Rafter counting cell and scanned (3 strip counts at X200 magnification). In addition, a 0.5-ml aliquot of the remix was permanently slide-mounted in CMC-10 medium (Mention of manufacturers and their products does not necessarily constitute endorsement by the U.S. Department of the Interior or of the authors and their firms.) and 10 random field counts were examined (X400 magnification).
Invertebrate sample collection and analysis. -Pullen et al.'s (1968) "marsh net," referred to as "sled trawl," was used to collect the hyperbenthic foods of the seatrout. The trawl (weight 5 kg), made of two heavy-guage stainless steel runners (5-cm wide) held apart by steel rods (collection aperture 18 high X 53 em wide), is fitted with a 1-m-long drift net ( 450-J-Lm pore mesh).
To minimize organism avoidance during the collection process, the boat motor (and auxiliary lights at night) was turned off during approach to the sampling point, so that the boat drifted into position. First the trawl was placed gently on the seagrass bed and its tether was played out as the boat was poled in an arc to a point 14m away and parallel to shore. Mter the boat was staked into place, the trawl was winched in at a rate of 0.3 mps. Inside the boat, the sample collection bag was inverted and its contents were emptied into a shallow tub partially filled with water. Materials were thoroughly flushed from the bag. Easily recognizable large organisms (e.g., adult tunicates, mussels, and crabs) were immediately counted and replaced in the water. Remaining small clinging organisms that required identification in the laboratory were flushed from the bag using a strong stream of 95% ethanolrose bengal stain preservative (Mason and Yevich, 1967) provided by a pressurized sprayer ( 4-liter cap.). As most trawl samples netted about 500 cc of sample that contained hundreds to thousands of organisms, those samples containing >200 organisms were halved using the sieve sample splitter (Mason, 1991a) .
Although use of the trawl removed some epibenthos on sand windrows, overall the device was gentle on the bottom substrate and left it relatively undisturbed after sampling. Blades of the seagrasses flexed as the trawl slid over. A performance trial for the sled trawl in Halodule, conducted in August 1992 prior to initiation of benthic sampling, yielded an SEM for individuals and taxa of about 40% each, which is acceptable for semiquantitative benthological sampling (Elliott, 1993) .
Data interpretive methods.-General descriptive statistics (Zar, 1984 ) (e.g., Student's t-test) were applied to the data through computer software (Hintze, 1987) . The total diversity of the trawlcaptured macrofauna was determined as a bioindicator of community health as was d, the community diversity index (Zar, 1984) . The latter index is Florida's only legal measure of "biological balance" for class 1-111 surface waters [Florida Surface Water Quality Standards, 1992; Sec. 17-302.540(8) , 550(7), and 560 (9)]. It is calculated based on the total number of individuals and the number of invertebrates in the ith species occupying a U.S. EPA standard hardboard multiplate sampler after incubation for 30 consecutive days. Although the error for d is known to be high in samples containing <200 individuals (Zar, 1984) , our sled trawl samples, usually >500 individuals/trawl, likely minimized the error.
Sled trawl sampling highly favors capture of organisms in the hyperbenthos and some epibenthos (surface-dwelling organisms). Sled trawls collect little of the embenthos (partially buried organisms) and hardly any hypobenthos (tunneling organisms living well below the substrate). Thus, we did not feel justified in expressing our sled trawl data in traditional benthological sampling units for epibenthos and embenthos (no./m 2 ), or in volumetric units (no./m 3 ) for pelagic and drift organisms. Instead, we used counts per trawl (sample). Enumeration of organisms on a "per-sampler basis" has precedence in other kinds of benthological sampling, e.g., of artificial substrates as conducted in the nearby Suwannee River (Mason, 1991b; Mason et al., 1994) .
Experience shows that, excluding large-bodied individuals, benthic bioassessments using individual counts of organisms/taxon produce similar results to those using individual weights (biomass). Individual tallies have a distinct advantage over weight measurements, especially when small organisms are encountered (such as amphipods and highly fragmented organisms), and permit comparisons of species-specific food preferences of fish and other wildlife, e.g., as used for waterfowl by Johnson (1980) . Nonetheless, counts of small food organisms (e.g., amphipods) may distort their importance among other food items. For example, it requires 5-10 mysid shrimps, 2-4 Palaemonetes shrimps, and just 1-2 Penaeus shrimp to fill the stomach of a 60-mm-TLjuvenile seatrout. Therefore, we elected to determine both individual counts and biomass, but relied mostly on individual counts for reporting results in figures and text.
RESULTS
Physicochemical conditions.-Annual average daytime water temperature in Halodule was 21 C (range 11 to 31 C), and was stable at 25 C. A synoptic survey of water temperatures in the habitat zones in Sep. 1992 revealed a day temperature of 36 C (0.1-m depth) in the shoreline bare sand zone. The lowest salinity measurement (17 ppt) occurred in winter and maximum salinity was during late summer (Table 1). Salinity during May-Sep. averaged 25-26 ppt. Values for pH were uniform at 8 standard units (SU). DO concentrations averaged 7.5 mg/liter (Table 1 ) and ranged narrowly between 7-8 mg/liter. DO concentrations for each quarterly night sampling revealed little variation within the habitat zones or by water depth.
juvenile seatrout diet.-Of the 62 juvenile seatrout <100 mm TL in 1992-93 (Table 2) , 95% of the stomachs contained foods. During the year, the juveniles consumed 12 major foods in the seagrasses at Seahorse Key (Table 3) averaging 1.4 food items/stomach. On average combined, the seatrout ate 28 food items in Halodule and 66 food items in the Thalassia. For both SAV zones combined, the primary foods of juveniles were; Copepoda (28%), P duoramm (22%), H. pleuracanthus (16%), Palaemonetes (2 spp.) (10%), free-living Amphipoda (9%), Osteichthyes (7%), M. bahia (5%), and Periclimenes longicaudatus ( 3%). Average gut fullness for the 62 fish was estimated at 68%. Examination of stomach fluids of the seatrout revealed only an occasional diatom that could have been inadvertently ingested or secondarily ingested as part of the foods consumed by the invertebrate prey. All five of the 20-30-mm-TL seatrout and two of the four 50-60-mm-TL seatrout in Thalassia had consumed copepods (Table 3) .
Invertebrate food densities.-The abundance of hyperbenthic food resources in the seagrass meadows was greatest in May-June and Aug.-Dec. (Figs. 3 and 4a) and closely mirrored the densities of the most abundant crustacean at the site, the caridean shrimp H. pleuracanthus (Fig. 4b) . It alone averaged 84% of the individuals/trawl, or 77% dry weight/trawl.
Decapods exhibited two density peaks; a minor one in April-June and a major one in Aug.-Sep. (Table 4 and Fig. 4a ). Other abundant crustaceans were (in descending order); decapod Tozeuma camlinense, cumacean Oxyurostylis smithi and Almymcuma sp. A (Heard 1982), decapods Palaemonetes pugio and pink shrimp Penaeus duorantm, and the tanaid isopod Hargeria rapax. Amphipods were most abundant in Jan.-March, decapods were most abundant in April-Dec., and mysids were most abundant in Jan. only (Fig. 4a) .
The diversities and densities of invertebrates were inversely proportional. Generally, lowest densities occurred in winter when diversities peaked, and greatest densities in late summerfall were marked by low diversities (Table 4 and Figs. 3, 4a-b) .
We found that invertebrate densities between the two adjacent seagrass zones varied considerably. For example (Fig. 3) , the average density in Sep. 1992 Halodulewas twice as great as in Thalassia, but the Sep. 1993 densities in both seagrass zones were about equal.
A single trawl collected in Halodule during Sep. 1992 contained about 14,000 individuals. 
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Invertebrate food diversities.-The total inventory of 198 hyperbenthic invertebrate taxa at Seahorse Key (Table 5 ) was split almost evenly among Arthropoda, Mollusca, and Annelida. Seasonal diversity became evident (Fig. 2) from fall (about 13-17 taxa) to the March night collections (37 taxa) (Fig. 5) . Thereafter, the diversity gradually tailed off during summer and early fall.
Values of d ranged from 1 to 2.5 in summer and fall, and from 3 to 4 in winter and early spring. These d values are comparable to those for the macrobenthos of lower Suwannee River and Estuary system, Florida, collected during the previous 5 yr (Mason, 1991b; Mason eta!., 1994) . Values of d for the seagrass hyper benthic community (Figs. 3 and 4b ) reflected the increase in diversity during winter and peak in number of individuals in fall (Jan., 5.37; Sep., 0.92).
Diel food patterns.-The differences between day and night densities and diversities of hyperbenthos in each habitat zone for each of the four quarterly collections were minor (Fig.  5a-b and Table 4 ). However, seasonal differences were obvious. For example, the combined day and night March diversities (average total taxa-day= 30; average total taxa-night= 38) were about 26% greater than for May (not significantly different P :s; 0.05) and May densities were significantly greater than for March (t = 4.5, 14 df).
DISCUSSION
Fish-food habit studies are difficult because of the variables encountered for fish, e.g., seasonal migrations and competition with other species for habitat and foods, and, on the food side, cyclic periods of food abundance and local environmental and habitat conditions. For both, sampling biases are major problems. Thus, most fish-food habit studies, although well designed, are seldom quantitative. We encountered most of these problems. However, our study provides a good basis for comparison with the food habits of juvenile spotted seatrout at the Keys 50 yr ago.
Food resources.-The gradual decline in total density of hyperbenthic invertebrates in Halodule traced from May to Aug. 1993 (Fig. 3 ) was primarily due to fewer H. pleuracanthus. ·This reduction might reflect predation on the food stock by juvenile finfish, including the spotted seatrout, and large epibenthic decapod crustaceans, e.g., the blue crab Callinectes sapidus (Fig. 4a) , then in the beds. Heavy foraging by blue crab on the benthos in the denuded intertidal zone of the Chesapeake Bay, Maryland, was also recorded by Ruiz et a!. ( 1993) .
The diversity of hyperbenthic invertebrates (taxonomic richness) is considered one of the best measures of "biological balance." Our findings show a highly diverse and, therefore, healthy hyperbenthic community (Table 5) . Usually in freshwaters, d values of <1 reflect an "unbalanced" situation, i.e., few taxa, but each taxon represented by a large population. Values of 1-3 are indicative of normal communities, and d values of >4 are seldom encountered in natural situations. Based on our survey where d values ranged from 3.75 to 5 from Jan. through July (Fig. 2) , Florida's biological classification of surface waters needs modification for use in estuarine waters. The "clean water" indicator level may need elevation and the "polluted water" category may need to be lowered.
During Jan.-March, free-swimming amphipods Cymadusa compta and Garmnarus spp., adapted for solitary life in the water column, were numerically dominant crustaceans. Conversely, densities of epibenthic Corophiidae amphipods, dense at the mouth of the Suwannee River (Mason, 1991b) , contributed <10% to densities in the Seahorse Key trawls. Corophiids depend on detrital materials for tubemaking and some protection from strong tidal currents and shifting sediments, contrary to site conditions. Densities of mysid populations were relatively even compared to other crustacean groups during the winter and early spring cool-water, low-salinity, and reduced-seagrass habitat. These small crustaceans, intermediate in size between the amphipods and decapods, occupied 11% of the average total densities in Jan. (Table 4) . Thereafter, mysid densities declined to <10% of the average total of hyperbenthos and did not recover until Nov.-Dec. (Fig. 4a) . Mysid seasonal abundance at Seahorse Key was thus similar to some species of estuarine zooplankton and amphipods.
In other northeastern Gulf estuaries, such as the Apalachicola River Estuary (Livingston, 1976) and Apalachee Bay, Florida (Ryan, (Kikuchi and Peres, 1977) .
Juvenile seatrout diet.-The overall findings on juvenile seatrout foods of the 1940s and 1950s (Moody, 1950; Reid, 1954) adult pink shrimp, usually found in deeper water.
We found that the 10-100-mm-TL fish in the Thalassia zone consumed about double the number of food of an almost equal number of fish in the Halodule zone (Table 3 ). This significant difference (based on individual food items) was due to a total of 127 copepods in five seatrout in Thalassia during June 1993. Minimizing the importance of this perhaps anomalous event and considering the capture of 80-100-mm-TL fish only in Thalassia, we suspect that > 100-mm-TL juvenile sea trout, as 50 yr ago (Moody, 1950) , feed in the stands of mixed seagrasses beyond > 1 m average depth. Moody (1950) did not find small fish of major importance in the diet of 50-150-mm-TL juvenile seatrout. However, our findings reveal that that large decapods, Penaeus and Palaemonetes, and also small fish are important foods of the 20-30-mm-TLjuvenile seatrout. Also, we found that Hippolyte was not the prime food item of the juveniles, as was reported by Moody (1950) . This is unusual considering its overwhelming dominance in the seagrasses. In fact, Hippolytewas absent from juveniles >80 mm TL . ... (Table 3) . Although other epibenthic and sedentary crustaceans were present in the seagrasses (i.e., Tozewna carolinense, tanaid Hmgeria rapax, cumaceans Oxyurostylis smithi and Almymcwna sp.) (Table 5) , <100-mm-TL juvenile seatrout did not prey on them. The lack of T. caroliense as another prominent member of the diet of juvenile seatrout reported by Moody (1950) is unexplainable. The shrimp's greenish color and long rostrum, giving it a bladelike appearance on the grasses, is good camouflage. Also, the importance of the decapod P. longicaudatus, a primary seatrout food of the 1940s and 1950s, was not confirmed by us.
!!!
Populations of several dozen species of epibenthic organisms, e.g., mollusks, hermit crab, and mud crab (often comprising 20% of total individuals/trawl), were not included in the diet of juvenile spotted seatrout. This may be due to hard body armature that would make ingestion by early juvenile seatrout more difficult.
Average gut fullness for adult and juvenile seatrout reported by Moody (1950) was somewhat lower (54%) than our finding of68%, but Sep. 1992 -Sep. 1993 is within the range of sampling error. Based on the evidence at hand, we suspect that the food habits of early juvenile spotted seatrout at the Cedar Keys have not changed appreciably in the past half century. Moody's (1950) extensive survey of the entire Cedar Keys area compared to our localized study at Seahorse Key and his focus on larger individuals in deeper water and our relatively low n for juvenile seatrout makes us cautious about reporting real dietary changes. However, in terms of food quality, i.e., reliance on crustacean diet, there has been little change in the diet of the juveniles in the past 50 yr. It is apparent that the juvenile sea trout <100 mm TL have switched to feeding on large hyperbenthic invertebrates. These larger organisms are abundant in the seagrasses at Seahorse Key and their use by the seatrout would represent an energy conservation measure. Habitat management to protect the SAV and the invertebrate foods at the Key bodes well for continuance of a healthy spotted seatrout community.
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